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METHODS FOR MANUFACTURING SEMICONDUCTOR DEVICES AND 
SEMICONDUCTOR DEVICES 

Inventor: Yoshikazu KASUYA 

, A A^licant hereby incorporates by reference Japanese Application No. 2000-292143, 
fited Septeriaber 26, 2000, in its entirety. Applicant hereby incorporates by reference U.S. 

Application Wial No. , filed September 26, 2001, listing Yoshikazu Kasuya as 

inventor, havikg docket number 15.47/6065, in its entirety. Applicant hereby incorporates 

by reference uk Application Serial No. , filed September 26, 2001, listing 

Yoshikazu KasuVa as inventor, having docket number 15.48/6066, in its entirety. 

Technical Field 

The present invention relates to semiconductor devices having a field effect 
transistor and methods for manufacturing the same, and more particularly, to semiconductor 
devices having a gate electrode that is formed from two or more layers and methods for 
manufacturing the same. 



Related Art 

Currently, there is a technique in which a gate electrode 230 of a MOS transistor 300 
shown in Fig. 1 1 (b) is formed by a so-called damascene method. One example of a method 
for manufacturing a MOS transistor 300 using a technique in which its gate electrode 230 is 
formed by a damascene method is described below. 

As shown in Fig. 10 (a), a gate dielectric layer 220 (also sometimes referred to as a 
gate insulation layer) and a dummy electrode 232 are formed on a silicon substrate 210. 
Next, the dummy electrode 232 is patterned. Then, a low concentration impurity diffusion 
layer 242 is formed in the silicon substrate 210 on the sides of the dummy electrode 232. 
Next, an insulation layer is formed over the entire surface, and the insulation layer and the 
gate dielectric layer 220 are etched by RIE to form sidewall spacers 250 on the side walls of 
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the dummy electrode 232. Then, a high concentration impurity diffusion layer 244 is 
formed in the silicon substrate 210 on the sides of the sidewall spacers 250. 

Next, as shown in Fig. 10 (b), an insulation layer 260 is formed on the silicon 
substrate 210, and the insulation layer 260 is then planarized to expose the dummy electrode 
232. 

Next, as shown in Fig. 1 1 (a), the entire dummy electrode 232 is removed to form a 
through hole 270. 

Next, as shown in Fig. U (b), a metal layer is formed in a manner to fill the through 
hole 270, and the metal layer is then etched-back to form a gate electrode 230. 

Techniques to form gate electrodes by a damascene method are described in 
references such as U.S. Patent No. 5,960,270, U.S. Patent No. 5,391,510 and U.S. Patent 
No. 5,434,093. 

Summary 

Embodiments include a method for manufacturing a semiconductor device, the 
method including forming a gate dielectric layer and forming a first conduction layer on the 
gate dielectric layer. The method also includes forming a first upper layer comprising a 
material different fi-om the first conduction layer on the first conduction layer, and forming a 
second upper layer comprising a material different fi-om the first upper layer on the first 
upper layer. Sidewall spacers are formed on side walls of the first conduction layer, the first 
upper layer and the second upper layer. The method also includes forming an insulation 
layer that covers the second upper layer and the sidewall spacers, and planarizing the 
insulation layer until an upper surface of the second upper layer is exposed. The method 
also includes removing the second upper layer, and removing the first upper layer to form a 
recessed section between the sidewall spacers. A second conduction layer is formed in the 
recessed section to form a gate electrode that includes at least the first conduction layer and 
the second conduction layer. 

Embodiments also include a method for manufacturing a semiconductor device, the 
metiiod including forming a gate dielectric layer and forming a first conduction layer on the 
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gate dielectric layer. The method also includes forming an upper layer on the first 
conduction layer. At least a lower portion of the upper layer comprises a material different 
from at least an upper portion of the first conduction layer. Sidewall spacers are formed on 
side walls of the first conduction layer and the upper layer. An insulation layer is formed 
that covers the upper layer and the sidewall spacers. The insulation layer is planarized until 
an upper surface of the upper layer is exposed. The upper layer is removed to form a 
recessed section between the sidewall spacers on an upper portion of the first conduction 
layer. A second conduction layer is formed in the recessed section to form a gate electrode 
that includes at least the first conduction layer and the second conduction layer. 

Embodiments also include a method for manufacturing a semiconductor device, the 
method including forming a gate dielectric layer and forming a first conduction layer on the 
gate dielectric layer. An upper layer is formed on the first conduction layer, the upper layer 
comprising a material different from that of the first conduction layer. Sidewall spacers are 
formed on side walls of the first conduction layer and the upper layer. The upper layer is 
removed to form a recessed section between the sidewall spacers and above at least part of 
the first conduction layer. A second conduction layer is formed in the recessed section to 
form a gate electrode comprising the at least part of the first conduction layer and the second 
conduction layer. 

Other embodiments include a semiconductor device including a field effect 
transistor, the field effect transistor including a gate dielectric layer, a gate electrode, 
sidewall spacer regions, a source region, and a drain region. The gate electrode includes a 
first conduction layer and a second conduction layer. The first conduction layer is formed 
on the gate dielectric layer. The second conduction layer is formed above the first 
conduction layer. The sidewall spacer regions are formed on side walls of the gate 
electrode. An insulation layer is provided adjacent to the sidewall spacer regions. A barrier 
layer is provided between the first conduction layer and the second conduction layer and 
between the second conduction layer and the sidewall spacer regions. 

Embodiments also include a semiconductor device including a field effect transistor, 
the field effect transistor including a gate dielectric layer, a gate electrode, sidewall spacers. 
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a source region, and a drain region. The gate electrode includes a first conduction layer and 
a second conduction layer. The first conduction layer is formed on the gate dielectric layer. 
The second conduction layer is formed above the first conduction layer. The sidewall 
spacers are formed adjacent to side walls of the gate electrode. An insulation layer is 
5 provided adjacent to the sidewall spacers, wherein an upper surface of the insulation layer 
and an upper surface of the second conduction layer are substantially at the same level. 

Brief Description of the Drawings 

Embodiments of the invention are described with reference to the accompanying 
1 0 drawings which, for illustrative purposes, are schematic and not necessarily drawn to scale. 
Fig. 1 schematically shows a cross-sectional view of a semiconductor device in 
accordance with an embodiment of the present invention. 

Figs. 2(a) and 2(b) schematically shows cross-sectional views illustrating steps of a 
method for manufacturing a semiconductor device in accordance v^ith an embodiment of the 

rij 

15 present invention. 

Figs. 3(a) and 3(b) schematically shows cross-sectional views illustrating steps of a 
^ method for manufacturing a semiconductor device in accordance with an embodiment of the 
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present invention. 

p Figs. 4(a) and 4(b) schematically shows cross-sectional views illustrating steps of a 

20 method for manufacturing a semiconductor device in accordance with an embodiment of the 
present invention. 

Figs. 5(a) and 5(b) schematically shows cross-sectional views illustrating steps of a 
method for manufacturing a semiconductor device in accordance with an embodiment of the 
present invention. 

25 Fig. 6 schematically shows a cross-sectional view illustrating one step of a method 

for manufacturing a semiconductor device in accordance with an embodiment of the present 
invention. 

Fig. 7 schematically shows a cross-sectional view illustrating one step of a method 
for manufacturing a semiconductor device in accordance with an example for comparing the 
30 effects. 
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Fig. 8 schematically shows a cross-sectional view illustrating one step of a method 
for manufacturing a semiconductor device in accordance with an example for comparing the 
effects. 

Fig. 9 schematically shows a cross-sectional view illustrating one step of a method 
5 for manufacturing a semiconductor device in accordance with an example for comparing the 
effects. 

Figs. 10(a) and 10(b) schematically shows cross-sectional views illustrating steps of 
a method for manufacturing a semiconductor device in a conventional example. 

Figs. 1 1(a) and 1 1(b) schematically shows cross-sectional views illustrating steps of 
10 a method for manufacturing a semiconductor device in a conventional example. 

Detailed Description 

It is an object of certain embodiments of the present invention to provide 
semiconductor devices and methods for manufacturing the same in which deterioration of 
1 5 the electrical characteristics is suppressed. 

A first method for manufacturing a semiconductor device in accordance with an 
embodiment of the present invention comprises the steps (a) - (j) of: 

(a) forming a gate dielectric layer; 

(b) forming a first conduction layer on the gate dielectric layer; 

20 (c) forming a first upper layer composed of a material different fi"om the first 

conduction layer on the first conduction layer; 

(d) forming a second upper layer composed of a material different fi-om the first 
upper layer on the first upper layer 

(e) forming sidewall spacers on side walls of the first conduction layer, the first 
25 upper layer and the second upper layer; 

(f) forming an insulation layer that covers the second upper layer and the sidewall 
spacers; 

(g) planarizing the insulation layer until an upper surface of the second upper layer is 
exposed; 
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(h) removing the second upper layer; 

(i) removing the first upper layer to form a recessed section in an upper portion of 
the first upper layer; and 

(j) filling a second conduction layer in the recessed section to form a gate electrode 
5 that includes at least the first conduction layer and the second conduction layer. 

The present embodiment may provide, for example, the following effects. 

(1) In the present embodiment, in step (h) and step (i), the second upper layer and the 
first upper layer are removed to form a recessed section. The second upper layer is formed 
fi-om a material different fi"om the first upper layer. Therefore the second upper layer can be 

10 selectively removed against the first upper layer. In other words, in the removal of the 
9 second upper layer, the first upper layer may fiinction as a stopper. Also, the first upper 

^0 layer is formed from a material different from the first conduction layer. Therefore the first 

1 1 upper layer can be selectively removed against the first conduction layer. In other words, in 

S the removal of the first upper layer, the first conduction layer may fimctioned as a stopper. 

Hi 

^ 15 As a result, in the removal of the first upper layer, the removal of the first conduction layer 
n can be suppressed. Variations in the thickness of the first conduction layer can be 

^ suppressed to the extent that the removal of the first conduction layer is suppressed. Also, 

Ol variations in the depth of the recessed section can be suppressed to the extent that variations 

JT of the first conduction layer are suppressed. Variations in the thickness of the second 

20 conduction layer can be suppressed to the extent that variations in the depth of the recessed 

section are suppressed. As a result, the first conduction layer and the second conduction 

layer can be accurately formed with respect to their thickness, 

(2) In the present embodiment, in step (j), the second conduction layer is formed on 
the first conduction layer. Also, the source and drain regions can be formed before step (f). 

25 Therefore the second conduction layer can be formed after the formation of the source and 
drain regions. As a result, deterioration of the second conduction layer, which may occur 
when a resist layer that is provided for forming the source and drain regions is removed, 
may be prevented. Accordingly, deterioration of the second conduction layer can be 
suppressed. Also, in accordance with the present embodiment, a chemical agent that is 
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incompatible with the second conduction layer, but that can securely remove the resist layer, 
can be selected. In view of the above, in accordance with the present embodiment, a 
semiconductor device in which deterioration of its electrical characteristics is suppressed can 
be formed. 

5 (3) Also, in the present embodiment, when the recessed section is formed, the first 

conduction layer is not removed. Accordingly, in the removal step, the gate dielectric layer 
is not exposed. As a result, deterioration of the gate dielectric layer can be suppressed. 

In the present embodiment, step (h) may be conducted by an etching method, and in 
step (h), a ratio of an etching rate of the second upper layer with respect to an etching rate of 
1 0 the fu-st upper layer (an etching rate of the second upper layer / an etching rate of the first 
upper layer) may preferably be two or greater. 
B In the present embodiment, step (i) may be conducted by an etching method, and in 

the step (i), a ratio of an etching rate of the first upper layer with respect to an etching rate of 
the first conduction layer (an etching rate of the first upper layer / an etching rate of the first 
=P 1 5 conduction layer) may preferably be two or greater. 

Q Also, in the present embodiment, the first upper layer may be formed fi-om silicon 

f J nitride and the second upper layer may be formed fi-om polysilicon. 

m A second method for manufacturing a semiconductor device in accordance with an 

tt embodiment of the present invention comprises the steps (a) - (h) of: 

20 (a) forming a gate dielectric layer; 

(b) forming a first conduction layer on the gate dielectric layer; 

(c) forming an upper layer on the first conduction layer, at least a lower portion of 
the upper layer being composed of a material different fi-om at least an upper portion of the 
first conduction layer; 

25 (d) forming sidewall spacers on side walls of the first conduction layer and tiie upper 

layer; 

(e) forming an insulation layer that covers the upper layer and the sidewall spacers; 

(f) planarizing the insulation layer until an upper surface of the upper layer is 
exposed; 
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(g) removing the upper layer to form a recessed section in an upper portion of the 
first conduction layer; and 

(h) filling a second conduction layer in the recessed section to form a gate electrode 
that includes at least the first conduction layer and the second conduction layer. 

In the present embodiment, in step (g), the upper layer is removed to form a recessed 
section. At least a lower portion of the upper layer is formed from a material different fi-om 
at least an upper portion of the first conduction layer. Therefore the upper layer can be 
selectively removed against the first conduction layer. As a result, in the removal of the 
upper layer, the removal of the first conduction layer can be suppressed. Therefore the 
effects (1) provided by the first method embodiment for manufacturing semiconductor 
devices described above may be achieved. 

Also, in accordance with the second method for manufacturing semiconductor 
devices described above, the effects (2) and (3) provided by the first method embodiment for 
manufacturing semiconductor devices may be achieved. 

In the embodiments described above, the first conduction layer may be formed fi'om 
a single layer or a plurality of layers. Also, the upper layer may be formed fi-om a single 
layer or a plurality of layers. 

Also, in the second method embodiment described above, step (g) may be conducted 
by an etchmg method, and in step (g), a ratio of an etching rate of at least the lower portion 
of the upper layer with respect to an etching rate of the at least upper portion of the first 
conduction layer may preferably be two or greater. 

In the first and second method embodiments for manufacturing semiconductor 
devices described above, the first conduction layer may preferably be formed firom a 
polysilicon layer. As a result, a variety of process techniques to be employed when a gate 
electrode is formed from a polysilicon layer can be employed. 

In the first and second method embodiments for manufacturing semiconductor 
devices described above, the second conduction layer may preferably be formed fi-om one of 
metal, a metal alloy and a metal compound. 

8 
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A first semiconductor device in accordance with an embodiment of the present 
invention comprises: 

a field effect transistor, the field effect transistor including a gate dielectric layer, a 
gate electrode, a sidewall spacer, a source region, and a drain region, wherein 

the gate electrode includes a first conduction layer and a second conduction layer, 
the first conduction layer is formed on the gate dielectric layer, 
the second conduction layer is formed above tiie first conduction layer, 
the sidewall spacer is formed on a side wall of the gate electrode, 
an insulation layer is provided on the side of the sidewall spacer, and 
a barrier layer is provided between the first conduction layer and the second 
conduction layer and between the second conduction layer and the sidewall spacer. 

A second semiconductor device in accordance with an embodiment of the present 
invention comprises: 

a field effect ti-ansistor, the field effect transistor including a gate dielectric layer, a 

gate electrode, a sidewall spacer, a source region, and a drain region, wherein 

the gate electrode includes a first conduction layer and a second conduction layer, 

the first conduction layer is formed on the gate dielectric layer, 

the second conduction layer is formed above the first conduction layer, 

the sidewall spacer is formed on a side wall of the gate electi-ode, and 

an insulation layer is provided on tiie side of the sidewall spacer, wherein an upper 

surface of the insulation layer and an upper surface of the second conduction layer are 

substantially at the same level. 

It is noted that "substantially at the same level" means that they are substantially at 

the same height fi-om the upper surface of the gate dielectric layer. 

In the first and second semiconductor device embodiments described above, the first 

conduction layer may be formed fi-om a polysilicon layer. 

In the first and second semiconductor device embodiments described above, the 

second conduction layer may be formed fi-om one of metal, a metal alloy and a metal 

compound. 
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Certain preferred embodiments of the present invention are described below with 
reference to the accompanying drawings. 

A semiconductor device in accordance with an embodiment of the present invention 
is described below. Fig. 1 schematically shows a cross-sectional view of a semiconductor 
device in accordance with the present embodiment. More specifically, a semiconductor 
device 100 has a structure as follows. 

A gate dielectric layer 20 is formed on a silicon substrate 10. A gate electrode 30 is 
formed on the gate dielectric layer 20. The gate electrode 30 is formed fi-om a first 
polysilicon layer (first conduction layer) 32, a barrier layer 36 and a metal layer (second 
conduction layer) 34 successively deposited on top of the other over the gate dielectric layer 
20. Sidewall spacers 50 are formed on both sides of the gate electrode 30. Also, the barrier 
layer 36 is preferably also formed between the sidewall spacers 50 and the metal layer 34. It 
is noted that the barrier layer 36 has a fimction to inhibit or prevent metal of the metal layer 
34 fi-om diffusing into the polysilicon layer 32. 

Source and drain regions 40 are formed in the silicon substrate 10 on the sides of the 
gate electrode 30. The source and drain regions 40 have a low concentration impurity 
diffusion layer 42 and a high concentration impurity diffusion layer 44. The low 
concentration impurity diffusion layer 42 is formed in a manner to enclose the high 
concentration impurity diffusion layer 44, in other words, has a double drain structure 
(double diffused drain). However, without being limited to this structure, the source and 
drain regions 40 can have other structures such as an LDD (lightly doped drain) structure. 

A first interiayer dielectric layer 60 is formed on the sides of the gate electrode 30 
with the sidewall spacers 50 being interposed therebetween. The upper surface of the metal 
layer 34 and the upper surface of the first interiayer dielectric layer 60 are substantially at 
the same level (height) as measured based on the upper surface of the gate dielectric layer 
20. A second interiayer dielectric layer 62 is formed on the first interiayer dielectric layer 
60. 

A method for manufacturing a semiconductor device in accordance with an 
embodiment of the present invention is described below. Fig. 2 through Fig. 6 schematically 
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show cross-sectional views in a process for manufacturing a semiconductor device in 
accordance with the present embodiment. 

First, as shown in Fig. 2(a), a gate dielectric layer 20 is formed on a silicon substrate 
10 by a known method. 

5 Next, a first polysilicon layer 32 as a first conduction layer is formed on the gate 

dielectric layer 20. The first polysilicon layer 32 may be formed, for example, by a CVD 
method. The thickness of the polysilicon layer 32 is, for example, 50 - 500 nm. 

Next, an upper layer 90 is formed on the first polysilicon layer 32. The upper layer 
90 may have a stacked layered structure including a silicon nitride layer 92 and a second 

1 0 polysilicon layer 94. For example, the upper layer 90 may be formed as follows. 

The silicon nitride layer 92 is formed on the first polysilicon layer 32. The silicon 
nitride layer 92 may be formed, for example, by a CVD method. The thickness of the 
silicon nitride layer 92 is determined in view of the thickness of the second polysilicon layer 
94 and the like, and may be, for example, 10 - 50 nm. 

1 5 Next, the second polysilicon layer 94 is formed on the silicon nitride layer 92. The 

thickness of the second polysilicon layer 94 is determined in view of the thickness of the 
silicon nitride layer 92 and the like, and may be, for example, 50 - 500 nm. It is noted that 
the thickness of the upper layer 90 (the total thickness of the silicon nitride layer 92 and the 
second polysilicon layer 94) is determined in view of the thickness of a desired second 

20 conduction layer 34. 

Next, as shown in Fig. 2(b), the second polysilicon layer 94, the silicon nitride layer 
92 and the first polysilicon layer 32 are patterned by lithography and etching. In this 
manner, a stacked layered body 70 is formed. 

Next, a resist layer having a specified pattern is formed over the silicon substrate 10. 

25 Next, a low concentration impurity diffusion layer 42 is formed by ion-implanting an 

impurity in the silicon substrate 10 using the resist layer as a mask. Then, the resist layer is 
removed by an acid chemical agent. 

Next, as shown in Fig. 3(a), sidewall spacers 50 are formed on both sides of the 
stacked layered body 70 by a knovra method. The material of the sidewall spacers can be 
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for example silicon oxide, silicon nitride or the like. Next, a resist layer having a specified 
pattern is formed on the silicon substrate 10. Next, an impurity is ion-implanted in the 
silicon substrate 10 using the resist layer as a mask to form a high concentration impurity 
diffusion layer 44. Then, the resist layer is removed by an acid chemical agent. As a result, 
5 source and drain regions 40 are formed. 

Next, as shown in Fig. 3(b), an insulation layer 60a is formed over the silicon 
substrate 10 in a manner to cover the stacked layered body 70 and the sidewall spacers 50. 
The insulation layer 60a can be formed, for example, by a CVD method. Silicon oxide can 
be used as the material of the insulation layer 60a. The thickness of the insulation layer 60a 
1 0 is determined in view of the thickness of the stacked layered body 70, and may be, for 
example, 150 - 1500 nm. 

Next, as shown in Fig. 4(a), the insulation layer 60a is planarized. In this manner, a 
first insulation layer 60 is formed. The insulation layer 60a is planarized until the upper 
surface of the stacked layered body 70 is exposed. The insulation layer 60a may be 
1 5 planarized by, for example, a chemical-mechanical polishing method. 

Next, as shown in Fig. 4(b), the second polysilicon layer 94 is selectively etched 
against the silicon nitride layer 92. In other words, in this etching, the silicon nitride layer 
92 functions as an etching stopper. As a result, in the etching of the second polysilicon layer 
94, the first polysilicon layer 32 is not etched. In the etching, a ratio of an etching rate of the 
20 second polysilicon layer with respect to an etching rate of the silicon nitride layer 92 (an 
etching rate of the second polysilicon layer 94 / an etching rate of the silicon nitride layer 
92) may be two or greater, and more preferably five or greater. 

Next, as shown in Fig. 5(a), the silicon nitride layer 92 is selectively etched against 
the first polysilicon layer 32. In this manner, a recessed section 80 is formed between the 
25 sidewall spacers 50 on the first polysilicon layer 32. In this etching, a ratio of an etching 
rate of the silicon nitride layer 92 with respect to an etching rate of the first polysilicon layer 
32 (an etching rate of the silicon nitride layer 92 / an etching rate of the first polysilicon 
layer 32) may be two or greater, and more preferably five or greater. 
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Next, as shown in Fig. 5(b), a barrier layer 36 is preferably formed over the entire 
surface. By forming the barrier layer 36 over the surface, the upper surface of the first 
polysilicon layer 32 is covered by the barrier layer 36. For example, titanium nitride, 
titanium tungsten, tungsten nitride, and tantalum nitride can be listed as the material of the 
5 barrier layer 36. The barrier layer 36 can be formed by, for example, a CVD method. 

Next, a metal layer 34 is preferably deposited over the entire surface, to fill the 
recessed section 80. For example, tungsten, aluminum, copper, an alloy of alximinum and 
copper, and a compound of silicon and metal may be used as the material of the metal layer 
347Tor sxam^, titanium jilicide jungste^^ o^^, 
10 the like mav b^used as the_CQm naund-of.silicon and metal. The metal layer 34 can be 
formed by, for example, a CVD method. 

Next, as shown in Fig. 6, the metal layer 34 is planarized in a maimer that the metal 
layer 34 remains only in the recessed section 80. As a resuU, a gate electrode 30 is formed. 
The metal layer 34 can be planarized by, for example, a chemical-mechanical polishing 
1 5 method. In this planarization, the barrier layer 36 on the first insulation layer 60 is also 
removed. 

Next, as shown in Fig. 1, a second insulation layer 70 is formed on the first 
insulation layer 60 and the metal layer 34 by a known method. In the manner described 
above, the semiconductor device 100 is manufactured. 
20 The present embodiment may have the effects described below. 

(1) The recessed section 80 is formed by etching the second polysilicon layer 94 and 
the silicon nitride layer 92. When the silicon nitride layer 92 is etched, the silicon nitride 
layer 92 is selectively etched against the first polysilicon layer 32. As a result, in the etching 
of the silicon nitride layer 92, variations in the thickness of the first polysilicon layer 32 can 
25 be suppressed to the extent that the first polysilicon layer 32 is more difficult to be etched. 
Also, the fact that variations in the thickness of the first polysilicon layer 32 are suppressed 
means that variations in the depth of the recessed section 80 are suppressed. Because 
variations in the depth of the recessed section 80 are suppressed, variations in tiie thickness 
on the second conduction layer 34 can be suppressed. As a result, in accordance with the 
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present embodiment, the first polysilicon layer 32 and the metal layer 34 can be accurately 
formed in terms of their thickness. 

(2) The manufacturing method of the present embodiment of the present invention is 
particularly useful when manufacturing a semiconductor device having a gate electrode with 

5 its gate width being different from one location to another. 

(3) Because the second polysilicon layer 94 is formed on the silicon nitride layer 92, 
the thickness of the silicon nitride layer 92 can be reduced accordingly. Because the 
thickness of the silicon nitride layer 92 can be reduced, the etching time for the silicon 
nitride layer 92 can be shortened. As a result, deteriorating effects of the etching of the 

10 silicon nitride layer 92 are suppressed from reaching the first polysilicon layer 32. 
9 (4) The present embodiment includes the step of etching the second polysilicon layer 

e 94 and the silicon nitride layer 92 to form a recessed section 80. However, the first 

m 

y polysilicon layer 32 is not removed. As a result, in forming the recessed section 80, the gate 

^3 dielectric layer 20 is not exposed. Accordingly, the gate dielectric layer 20 is inhibited or 

£ 15 prevented from being damaged. 

p (5) In the present embodiment, the first polysilicon layer 32 is formed in a maimer to 

$ contact the gate dielectric layer 20 at the gate electrode 30. As a result, a variety of process 

lU 

01 techniques to be employed when a gate electrode 30 is formed from polysilicon can be used. 

fn 

U It is noted that, when the first polysilicon layer 32 is entirely removed such that the gate 

20 electrode is formed only from a metal layer, a work function difference between the gate 
electrode and the silicon substrate becomes greater compared to when the gate electrode 
includes silicon. As a resuU, when the gate electrode is formed only from a metal layer, a 
variety of process techniques to be employed when a gate electrode is formed from silicon 
are difficuh to be employed. 
25 (6) A MOS transistor with its gate electrode having a stacked layered structure of a 

polysilicon layer and a metal layer can be formed, for example, in the following manner. 

First, as shown in Fig. 7, a gate dielectric layer 120, a polysilicon layer 132 and a 
metal layer 134 are successively deposited on a silicon substrate 10. Next, a resist layer Rl 
is formed on the metal layer 134. Next, the metal layer 134 and the polysilicon layer 132 
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are etched using the resist layer Rl as a mask, to form a gate electrode 130. Then, the resist 
layer Rl is removed 

Next, as shown in Fig. 8, a resist layer R2 having a specified pattern is formed over 
the silicon substrate 10. Next, an impurity is ion-implanted in the silicon substrate 10 using 
5 the resist layer R2 as a mask, to form a low concentration impurity diffusion layer 142. 
Then, the resist layer R2 is removed. 

Next, as shown in Fig. 9, sidewall spacers 150 are formed on side walls of the gate 
electrode 130. Next, a resist layer having a specified pattern is formed on the silicon 
substrate 10. Next, an impurity is ion-implanted in the silicon substrate using the resist layer 
10 as a mask, to form a high concentration impurity diffusion layer 144. Then, the resist layer 
is removed. In this maimer, a MOS transistor 200 is manufactured. 

It is noted that the resist layers (the resist layer Rl for forming the gate electrode and 
the resist layer R2 for forming the impurity diffusion layer) may preferably be removed by 
|- an acid chemical agent (for example, sulfuric acid). However, when an acid chemical agent 

ry 

J" 15 is used for removing the resist layers, the metal layer 134 is exposed to the acid chemical 
□ agent, and the metal layer 134 is corroded. When the metal layer 134 is corroded, the 

'^f^ electrical characteristic of the semiconductor device deteriorates. Therefore, when the gate 

01 electrode 130 includes a metal layer 134, it is difficult to use an acid chemical agent. On the 

lI Other hand, although the use of a chemical agent other than an acid chemical agent may be 

20 considered, it is difficult to securely remove the resist layer with such a chemical agent. 

However, in accordance with the present embodiment, the metal layer 34 is formed 
after the source and drain regions 40 are formed. As a resuh, when the resist layer that is 
provided for forming the source and drain regions 40 is removed, an acid chemical agent 
(for example, sulfuric acid) can be used. 
25 The present invention is not limited to the embodiments described above, and many 

modifications can be made v^thin the scope that does not depart from the subject matter of 
the present invention. 

The above-described embodiments may be modified, for example, in the following 
manner. 
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(1) In the above-described embodiment, the first conduction layer is formed only 
fi-om the polysilicon layer 32. However, the first conduction layer is not particularly limited 
to such a structure as long as it has a structure in which the upper portion of the first 
conduction layer is difficult to be etched (for example, in terms of the material and etchant) 
5 compared to the lower portion of the upper layer. More concretely, without being 

particularly limited, the first conduction layer may have a structure, in the etching of the 
lower portion of the upper layer, in which a ratio of an etching rate of the lower portion of 
the upper layer with respect to an etching rate of the upper portion of the first conduction 
layer may preferably be two or greater, and more preferably be five or greater. 
10 (2) In the above-described embodiment, the upper layer 90 is formed from the silicon 

nitride layer 92 and the second polysilicon layer 94. However, the upper layer 90 is not 
43 limited to this structure, but may, for example, be formed from only a silicon nitride layer. 

f I In other words, without being particularly limited, the upper layer may have a structure that 

is more readily etched compared to the upper portion of the first conduction layer (for 

ry 

£ 1 5 example, in terms of the material and etchant) in the etching of the lower portion of the 
upper layer. 

^ (3) In the above-described embodiment, the barrier layer 36 is formed after the 

:> : !: 
5 '.s' 

m recessed section 80 is formed. However, without being limited to this embodiment, a bamer 

-^7 layer may be formed in the stage in which the stacked layered body 70 is formed. In other 

20 words, the barrier layer can be formed as an uppermost layer of the first conduction layer. 

The present invention is not limited to the embodiments described above, and many 
modifications can be made within the scope that does not depart from the subject matter of 
the present invention. 



25 



16 



